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(54) NON-AQUEOUS ELECTROLYTIC SOLUTION AND LFTHIUM SECONDARY BATTERY 
USING THE SAME 

{57)Abstract: 

PROBLEM TO BE SOLVED: To provide a non-aqueous electrolytic solution superior in 
overcharge preventing effect and high-temperature storage property and suitable for a lithium 
secondary battery. 

SOLUTION: The non-aqueous electrolytic solution comprises a fluorine atom substitutional 
aromatic compound, an aromatic hydrocarbon compound consisting of carbon and hydrogen 
only, a non-aqueous solvent and a lithium contained electrolyte. The non-aqueous electrolytic 
solution contains the 0.1-20 wt.% fluorine atom substitutional aromatic compound and the 0.1-3 
wt.% aromatic hydrocarbon compound. In the desirable embodiment of the electrolytic solution, 
the fluorine atom substitutional aromatic compound is fluorine atom substitutional naphthalenes, 
fluolenes or biphenyls and the aromatic hydrocarbon compound is alkyi group or cylohexyl group 
substitutional benzenes or biphenyls. The electrolytic solution has improved high-temperature 
storage property if vinylene carbonates, alkenyl ethylene carbonates, unsaturated hydrocarbon 
group contained sultons, aryl group contained sulfonate, saturated hydrocarbon group contained 
sultons. or sulfonic imide is added thereto. 
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(57) [S*^J] 

mm. 

^^mmit-^mimMm.'^ o . 1-20 sm% . ^^mmm. 
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1-20 m.m.% . S ^^^SJi^^f bK«{t-^!f^j{i;m»jt4' 
to. l-3Mfi%-&*§ffCV^-&^i:^#ffih-ri.# 

a. *3 J:t/"y' ■y3RI^^aJ^t':7x -;^SM*^^>M^^tL•g>^- 
^ < ^: i> 1 m<Dit^^^xh h^t^w&i h-thtmm i 

fct ( 1 ) TIB- 
( 2 ) ■CS^§iX-&r;l^^-;t'X^k>-;i?-;J<:^-.- h 

TIB^5>: ( 3 ) T-:^§^xl.^t&ftMM<«*^* 

TiH-jKst (4) Tm^tiiru-Ji- 

1-1 0Sfi:%-^:tLTV^€,it^mi;-r-g.#7j<W 



(1) 



R2 



yM^ttzitm^m.^^ 1 - 1 2c7)yM3^>il^ &#^■r■ 



(2) 



^mCTin-l 2W^^^>J1^^^^T■•V^T^J; 
^M-fLyKI^S. t ;t {i^SS:*^ 2—12 c7)T;l^^^-;l-a 




(3) 



[5t(3) R?— Ri 0 {i. 5l-i(3|5l— 

oTt J;vi>tM=5r-5TV^Ti>J;< , ykSM^. yM3^> 
Hi^. *^c{i:^i!t*^'l-l 2£Dv^^^r'yJl^S:-^^T■ 

h^. ] 

[Yl::4] 




,11 



(4) 



[5t (4 ) (Ci5l^-C. Ri 1 — Ri 6 SVHclBl— T- 
1-12 co^Nn^rVM? 2r#^T'V i j; v^r;P^/PS 

[11*115] Mm. iEmfi^r/mmmi'^ts'Z.-i$:mmv 
h-^x. mnmmmm i - 4 v ^-rtiMz mm<^i^7k 

[if*Ji6] mm\^^(^:^xK-tiii^mmim±iz^^t 
^mmm^^mHiMmmm^mix^^^zt^mit 

ummi ] mmcoiSLmi>mmm±.iz^xh t^m^m 
wrt^m^mmmm^mtx\^:h ^ t ^mit-tm^ 

[0001] 

izmt^. 

[0002] 

b'cDmm&i^mK^cDX'. m^m^mm(DmmbLxiK 

[0003] ^co j; d ^r«m(i^<^:«?i!!t tT tM5t$ 
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t£}£(^mm.t]-Tr-^--vm%h(rnf^'^\^wk\>z. l i b 

F4 , L i PFg =^i:£OU^'>Am»«&&^b^L>^^?^V« 
[0004] i: ^ 6T\ 'J ^-^A^ 

[0 0 0 5] ^:lX\ #MT9-1 7 1 8 4 0-^, 
2000-581 1 6^, ^M2 0 0 1-1 5 1 5 5^ 

L /i«lffi«<7)<5ffl ^ L T V ^ , t - 1 1 

-1 6 2 5 1 2^'M:m\,z\i2m<^'^^mmxmm^Kfz 
x\-^h. 

[0006] nv^fV^y-^ym,. ^# 

[0007] -iix\ immmitmit. mi\MiLtfi&\-^ 

-ttphib. m^'mm±m^m\iLfzmmimzt5\.^ 
mizhh, 

[0008] mu£. i ht. mm 

Ltzii'y ji=-jvm'^T)i'^)i-'<-y-^ym<>i. SMlznif 
§«fi#tt(c&a'^f^Wi/h§v^A\ 4. 2V(7-M&X' 

8 5'c]iitcommz-t^ t . mm^^t^i^izi&T'rh 

mm^mm%^tix\^i>. tfz. mm. ^wm^.<^ 

X -Mzim Lx . mwmmm^^^^fifz h CO 
(o. imm<^^±^mfm<Ki:hmm^m'^ni^ixx^^ 

=~}vm.^r)V^}V^y^yWii. 0 %>m\YMm)m'^m^'^ 
fdsb. m^^^-YX'<rMS^%m±m'^m<ti:-^fz%,<^ 

<n . mrn'mMmMz \.fzh% \z%,nw^mfm o m 



[0009] t.tz. 11-16251 2-^^fg-r- 

7.y|gM^MK^#)K^l:-^^fflc?)?^SD»{i:, 2. 5 

mm%x-^'jtx-hh):.t^^ftx\^h . Ljo^l. 
mc.'^^mj.t. \^y^-MzYcm.\^x. ^^^nmiM^ 

y -mmFFwmmm\t'^m&m.Wi LtztLx^^.m^ 
[0010] tfz. mimmmm^iim-ttiom 

t LX. t:-Uy;(j~7r^:^-^~hm (!f*ft3 o 6 6 1 2 6 

^) ^r;u^-;UJ:^^>^-4<:t^-b« mm2 0 0 

1-5723 2-f-4;^fg) ^y.^vhym iW^^i 0-5 

0 34 2^i^#) . ^^m^/\^yt^ym:j^x^jm mm 

2002-15803 5^^$g) ^tt^tCj^D-Ti. d 

hifi. -^^m^com^^zi^ht. mmim±mhvx\^ 
y3,-!v^mmLfz'mmz. ^n^>tfo^aaffl^ffiffltT 

[0011] 

[ilffFliai: 1 ] #BHT1 1-1 6 2 5 1 2-^^lg 
[0012] 

immmikLi oy-t^WM'^ &,iM^tzX o^z. m 
■mm±mmzmx. mm;wm^\,zm.ix.fz4^7mm 

mz\m\fzim'mm(^m^^ a m^z^^ , t. rz^?tm 
^>sbtzr.dmmm^^ mm^z-t^ . 

[0013] 

mmimm-thtz!^<n^m ^^riofe^^em. y-y 

^^j^^^nmm.tt-t^^t^hmmm.xh'yx . y ymm. 
"f-mm^^mit-^mtnmm^ 0 . 1-20 m.m.% . 

1 fz^mmm\:ymit^m±mMm^^z 0 . 1 - 3 sa 
%^^^fix\^h^mwmimm-th , 
[0014] mm^y -/mm.=r-wmr^mit^mt>\ y 
'ymm.^m.m-ry^]yym. y-ymm^mmy/i'^i^y 

S{ms^-=^< t i 1 m<^it-^x'h^Em^mwm 

[0015] mmc^^^m^i\:A<.m'i\:^mtiK nv^)]^ 
mt. fz\tiy^rir)V^)vmmm.^ y^ymm,ii>^y en 
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[0 0 16] tfz:^wMii. mic^mmm^K $^>tT 

IS-^jt ( 1 ) X'^^fl.S,ii'-\yy:^-7n^^-hm. T 
- hm. 4a j;t^Ti2-^5t ( 3 ) X'^^ti^T-immt 

7iimm^^hx/\.hym. th-w^ (4) x-m^ti 

tfiiO .0 1-1 0S«%#*LTV^S#7i<m»?KS:Jg 

[0 0 17] 
[-ft 5] 




(1) 



[0 0 18] 

[-fCe] 




(2) 



( 2 ) tCioUT . R3 — R6 {4. ffc-D 
V ^Mt^KH*. * tiMSic?!)^' 2—12 (nr)V'r~)V^ 

x-h-^x. ^<r>n'yt£ < t i> — osi^^^^^^ 2 — i 2 r 

[0 0 19] 
[^E7] 




(3) 



[st ( 3 ) tCdofiT, R7 -Ri 0 {^^ SVHcIrI— 

feSo ] 



[0020] 

[-fbs] 




• (4) 



[jli (4) \Z.ii\^X. Ri 1 — Ri s {4, T- 

1 — 1 2<7)v^^^'yMTS^#^f Vii-r t J: VTiT/t-^/PS 

*-A>^-S.|f/&^J^JS{4fi^Mi^a^ci4»-C-S)-g.« ] 
[0021 ] § ftffi. iEffii3 J;t^"«»l?g 

[0022] i/^*^HB{4. Wi'mUn:^'^K-h-imiS. 

mxis^zi-j: h t mm-t^miMmmmm^mtx^ ^ 

[0023] tfz^^ iz:^mMii. m.m(^i&&^m^m 
j^jLhtc^s t^m^mm't^'mfMmmm^mtx^-^^ 

[0 0 24] 

{4. 7>y^M^^St^#Mt^. M^MTtTK^JH^ 

i3 J; y ^ ^ A-^^rSIf M i: :^)- milMT^ o T . 

y -/ mm.=f-mim^m.it^m±'mmw.'^><z 0 . 1-20 
mm%. ttz^^mmmit'^mmm&Mzo . 1 

— 3 V ^ § ^^7mM%w.x'h ■& , tfo j; -5 

[00 2 5] y ymm^mm^mmit^'m 
^%mizi^iyhm<VMmco-m.^Thhy ySM^a 
m^#Se^i:-^ti{4, mmmM^hLxmm^^^mx- 
h-yx. ^^mmi<z^^h-rzymmT(o-^t,fzi,i^m 
t'^y vmw.Tx-mm^fifzit^mx-ht. ^^x-y^mm 
m^^-thit-^^tit. 7tmrF<n4¥m^mzi.'yxmv. 
m\<z'u^'\\:^KhWk\\L-^'m^^^ LT v^s . 
[0026] -e^oJ: a lx. y -vrnwiT 

mi^^y^ym.. y 'vmm.=^m^±y9vym. y-/m 
M^ax^&y^w, y-ymmi'mmyfi^^i^ym. y-y 
mm^mmi^'y a^-j\^m. y -/mm^mmi^y 
^ym. y^ymm.^m.mryhy'tym. y-ymm^m. 

m. y^ymM^mmi~:^yj^ym. y-/mmi^m.myy 
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v-iim. y-y mjK^m.m t° u ym^ t'^mf^^t 
5&^T-t=-i.o ^ti^(^)fpx%. y ymM^mm-ty^i-y 
m. y-y mmi'mmy >v^ v yWM ixfy ■/ mmi-mm. 
\Ly^-)vmK 'mxm±.%m^m< . ij^-ym^^^ 

< - mz.y -ymm.'^mm^y 3u-)vmt)^i. d*? 4 lu„ 

[00 27] y ymw=?-mmrty-^vym<:r>mii 

(1) y-/mm'^mmf-y9vym: i-yiv^n-f-y 
^uy^ 2-y/U^r3-i-y9Uy^ s-y^v^vii-y^ 
vy^ 1, 2--Jy)V:^'ci^y9vy^ i, 3--Jy!V 
:^ni-y^uy^ 1, 4--Jy/l':^\=ti-y^uy^ 1. 

vy, 1, 7->'':7;t'>!-n-^7^'^y. 1, s-'Jy/i- 
:^n-i-y^'uy. 2, 3-'JyiV:^u^y-9vy^ 2. 
e-'JyjV^u^y-^vy^ 2. 7->'':7;P:ta-^:7:5' 
v-y, 1,3. ^-v^jyjvr^m-y-^vy. 1,3. 

7-M;:7/P:+0-^:7:5'1^>'. 1, 3, 5, 7-7^h^ 

■^y)V7tvii-y-9Vy^ ^^T^y/l-^ni-y^uy^ 

[0028] ( 2 ) T;k^;kSJQ J;V7 vflJS^aj^-^ 

( 3 ) T/P-df/P-:^^ S^Kio J: £^':7 ./ mM^Xm-t y^V 
yw,: \-yjVi^x3-3-^v^-y-)-y^vy 

^^^^y)c^y^ymmFtmmt. i--'A>mmt.\^\^. 

[0029] <>:t:. 7 -y^lS^^:7;t^^^>'^(7)^#: 

( 1 ) y ymm'^mm.y )V^\yym. ■. l -7';l.':tn7;P 
^P-y. 2-y}V:^xiy}V:^\yy^ 3-y)V:^xiy JV^ 
vy^ A-y)V:^r3y)V:^\yy^ 9-y;U:trty)i':^\y 
y, 1, 2-'Jyji-:^r>y!V:^V'y^ 1. 3->-'y';k:t 
n7;l^^P'>'. 1, 4-i^'7/P^n:7;P:tl^>', 1, 5 

1, 7-'Jyjl^:^ny}V:^uy^ 1, S-i^'^/I^it 

n7/l-?fp>-. 2. 3-'Jy/V:^uyfV:^Uy^ 2, 6 

-i^:7;pjj-D:7;p:t^>', 2, 7 ->>'7;^:t^:7;^>^-^ 
>', 2, 8->^':7;i^:tn7;l'3j-^y. 3, 4-'Jy;V:^ 
uy}V-^vy. 3. 5-i/'7;P:=j-a>';t'ii-lx>', 3, 6 

9, 9-i>y;l^:tn7;k:^ky. 1, 3. 5-hy 



yfV-:^uyiV:^Vy^ 2, 3. 7 -V'^Jy)V:^uy)V:^ 

\^y^ 1, 3, 5, 7 -•rN^77t/:tn:7/l,otl^>'. 
>^ i^' ;^ :t a 7 /l- P >^ , ^v^r-if 7 a 7 yP:t 1^ >- , 

^y^y)Vyi-viy)V:^vy^ ^^-y )V:^'ay )V:^vy 

[0030] ( 2 ) Tfi^^^maxt/y -ymm^mmy 

>V:^lyym: \ -y !V:^n - 3 - y<'j->Vy )V:^\yy 

( 3 ) Tiv^iv^^i^maxuy •ymm.^m.myiv:^v 
ym.: i-y)V^vi-3-y<h^i^y)V-^vy 

( 4 ) JS^J1^^*3 J;tA"7 v3SilS-?aJt:7;t'^^y^ : i 
- yjV:^n uy!V:^vy 

[003 1 ] ^ixC:><r)y ymm=?-mMy)V:^\^ym.^zi6 
ux. ^(Di'^^'^^coy -/mm^mmmi. 2-411 
timt.h\K y-ymm.TwmLifiZ(^^\,zhhh. ® 

[0032] mz. y -vmm^mwzy :c-)]M(Dmw 
( 1 ) y -ymmTrnM^y ^-)vm ■. 2-yivi^u\zy 

x.—)V^ 3-y)Vytu\zyx.—fV^ A-y)V:^x3\Ly X. 
—fV. 2, 3-i^y)V:^n\^y j,—)V. 2, A-i?y)V 
•^n\i:y 3^—)V^ 2, 5-i^y)V-:^u\i:y x.—fV^ 2, 
6-iyy)Virn\iyx.:^)V. 2, 2' -iyy)V^r3\iy 
X— 2.3' -yy/P^nf^x— /k. 2. 4' - 
-Jy)V:^n\zy :t.—}V^ 2, 5' -vr'/k^tnb'T^xri 

2,6' -i>'7/l^;tnf7x— 3, 3' 
iV:Art\fy 3L—)V^ 3.4' -y'-7;V^nb":7x— /t-, 

3, 5' -l^y)VitV2\Ly 3, 6' 

nb-7x-;t^. 4.4' -~Jy)Vitu\i:y x.-)V^ b'J 
Dh'^x— 71-, X b 57/t.7fnt":7x— /p. 
yjV:^ XI \Ly 3^:^)1 , ^^-if 7;l-':tnf 7x— 
:7;l^^ n b 7 X — /t-, :t ^ y)V:^n f x — 

[0033] ( 2 ) r;i^^;i^i3 J; -xlgiE-^^f 

7 X 

2-y)V:^X3-A-:A^)V\Lyi.~)V^ A-yj\^:^V3- 
2-^i-)V\Lyx.—)V^ 2-y)V^u-2' -^i-)Vyz 
yjL—iv 

( 3 ) T)V^)V^^iymioXX/y ^ymm.^m.m^y 

2-7;p3i-n-4-^ h^>'b':7x— 4-7;P-3fn 
-2-^ b^i^b'^x— 2-7/k:^o-2' h 
^i^b'r'x— ;P 

( 4 ) JS^M^fe it/:? >y ^M^amb'7 x -fVm. 
2-y}V-^v3-A-9ur3\z:yx.—)V 

[0034] ^fiiocoy ymw^mm^y j^.-ivm^za 

[0035] y vSM^^ ya^b'7x-;W»,co^, 
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[0036] y v3lM^>>'Smf7x-;P»c^«-^. ^ 
60 7 •/ SM^-a^fiatS , ^ocO^cT) 2 ffiB S {± 4 

[0037] mi.y^fzy -mu-f-wm^y :u-ivm.cr)^ 

ft, 1-y!Virn\z.y :t.—)V^ 4-7;P:tnh":7x— 
A, 4' -i^:7/t'3j-at'7x— ;P*iifiL<. Wtc 

[0 0 3 8] ^gl^^'fl^TKjfe^b-^itl!) 

\^xmMm'^}i:^mmFt<r)^fi^ih>ts:h^^m.mAY^m\'t 
^ftj^^Mt-^, ^^KcioT. y ymma-mmr^m 

t & ^(DXo ^^j^^mM^tym^t-^mt lx. 

^y-^ym. }zyx.-)\m. ^-yx.-;i'm. i-y^u 

ymKct'imif^ zt^j^x-^ . ^tihi± 1 mm^m^^x 
tiv^L, 2m.mMi.^wi^-^h-^xm\'-^xhJ:\'\ 
[0039] mz. 'ifi^^^^mm.iii^m^t-^mcoM^i^ 

( 1 ) ^y-^yM : ^y-^y^ b/px>-. ^i^]yy^ 9 
:^y^ i^-9x^'^^i^jV'<-y^y . ^Vy'^)y 

(2) b':7x-;m: h'^x-/!^. 2-^^;Hi'y'x- 
3 -^f-;Pf:7x:=:;l', A-^^fl-li'y x.—)V^ 2 

-xf-;pt"y X— 2, 2' -v-;^f-;pf:7x— yt- 
( 3 ) ^-yji—fUm : 7j-/WN^'-7x-/l., :<^:<^- 

yj^—ji^^ i^'y^ -y 3:.~)V^ :/-^)vy -y x.~)V 
KA) ^y^vym.:^y^vy^ \-3^^)V^y^v 

y. 2-?<^iVi~yi^vy 

[0040] ■zfii^cn^mmm.-wiAmit-^'mio^xi,. 

y:!L-)Vm.mj^ t< . $ <^Wiix^n'N.dr>'7t'^>'-fe' 

yh\fys.-)Vifi. Oif t L< , b-:7x-;l^/&-''fit)$f4 

[004 1] ^cr>m<nit-^^ 

^^mi^zi^hhWyiimmmxii. mzm tfz 2 is^tcsp 

^ibt^-^j*: ( 1 ) TS^$tL-g.b'riV 

- ( 2 ) T-^§tT.^T;P^-/Vxf-^>'^ 

-;fr^.- -^3^ ( 3 ) r^§ix^^f§fnMl:*« 
a^*-f-.g.xyi^by^. -Wc^ (4) T'«§ix§ru- 



-t^y^/i-h ym.. }iJ:U'y^/i-7Uym4 5 F3?)^^.^^ff*^ 

[0042] j^^EMmjk^W. ^iZ^Lfz 2 J^^coi©-^ 

; h T'ilHi ^mM,U^m(rMm.^'\tcrM&Ti±«^i>z 

it-^^mm-h i h ffix'^ h . ^tii^wrnxm^^x 

hXuL, 2«m±^ffl^^i5-ttTfflv^Tt j;^.^, 
( 1 ) ( 1 ) x^^tLh^=-vy:^--!f^^— vm 

( 2 ) ( 2 ) X^^iXhTiVr-lVJi^lyy:^- 

( 3 ) -m^ ( 3 ) T-^$tL^^igf[iMb7K«a&*"r 

^:x)VVym. 

( 4 ) -jKse ( 4 ) l:••^§^^^r 'J-;^as^^^l,x/^ 
;^>'KxxT';^' 
( 6 ) y.ji'Tt^ym^ 5 F 

[0043] b'^U-y;^-^^^^- JiCCCS^-f— iK 

5t ( 1 ) X^^tl^. 

! W 

[0 04 4 ] sS; ( 1 ) tCiSl^T, Ri HXlfR^ S 

^^iLTti, y"/mwMfzi±&mmi'mitL<. § 

[ 0 0 4 5 ] 5^ ( 1 ) Xm^tl^ b- l^y^ - .i;-;t-- h 
P,(7)ft#;^Jh LT, }z-Uy:^-7i<:^^-h. v'/t.^ab" 

jV:^u^i-fU\z—Uy:!f/-:ir^:^—h. 3L^)V\^—Vy:^ 

-4^:t--b. rnbVVb"-l/V;^-;K^-- T'^/t-b' 
- - b , i/j'i b - - 4^'^- - b . 
$/X^;l^brilx>-;if-;-t;;^.- =jyvi\^)V\f:—\y yA 

-^^^--y^j:}i^mfhzhifix%h. ztii^ (Dit^m 

co^^ }z-Uy:^-^^:^-~-h-^MijMtL\^\ 
[0046] T)U-ir-j]^j:.^Uy:^-7ii:^^- hmU. ik 
t^-THK^ ( 2 ) X-m^tlh. 
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[ 0 0 4 7 ] St { 2 ) (:i5l.^T. R3 — R6 ^\,^z 

m—Th -5 T ^ J; ^ L s^: '> T V t> i < , rmm^. 
o{i:M?Ris:^-i 2 — 12 T/uy-zu^Th ^ » r;L 

[ 0 0 4 8 ] 3t ( 2 ) T-aStt^r/t-^-Zl^x^U-y^Jf 

- h , TD^^/Paif-ix yx? - b , 4 , 4 - S/f ■ 
-;t/X^^y;*f-4<^^- 4. 5-'J^'—}\^:r.^l^y 

^-~h. 4 - - 4 - b'riypx^ y 7^? - r^'^- - 

4-y';P^n-5-f-;^x^^y;<?-;jf:t— 
4-^f-;P-5-t'::i;Pxf-lx'>;i;7-;K^-b, 4 -X 
4 - b':i;I^x^V y;^ - d^^-- b ^ t'Sr ^ 
ttfiX'^^. :itih^t-^m<r)[^. t'^i/t^x^py^-i^ 
^T-- hfcJ;f'"i^"fri;Px^l^>-;^r-;}^-:t-'- h;^)^*^M* 

[0049] ^[^mmm^t^mm^^^h b ymit. 
mz^^-m^ ( 3 ) x-m^tih. 
uti 1 ] 



rig d10 



(3) 



[0 0 5 0] ( 3 ) iZti^-^X. R"^ ~Ri 0 (i, K^-^ 

i,zm-x$>-oxijX\^^Lm^-oXi^xhJ:.<. ykmm 

^sc^mmxhh, 

[ 0 0 5 1 ] St ( 3 ) xm^tihT-tmm^t^mMi^ 

^h:^fUhym(r>mi¥mtLX. Ji^vyxjvvy. 
1, 3-y°r3^yy.)Vhy. i, 4-7'"7^yx7L'hy. 

^yx;i-by. l-y)V:^u-i , 3-y°rt^yx)Vh 
2-j<^;P~l, 3 -:rn-^>'x;L' h 3-p<^ 
3-:7°n^>'X;i^by, 1 - b 'J :7;i^:tn^^ 
il— 1 , 3 b V^Sr^'Sr^tf-l. >! t ifiX% 

vyniiX/i, A-y^yx}Vvyifim.i^m^L^^, 
Lxii. mz^-t—m^ (4 ) cotcotm\^^tL^ <. 

Utl 2] 



(4) 



Lis 



[0 0 5 3 ] (4 ) tC*3V^T. Rii— Ri6{i^ 

[0 0 54] St (4) x^m^fihr'j-)vm^^^h:^ 

f-zu-) . ^^y-tfvs/ {:K}V^^ymr^))V) . ^^-^fVi^' 
. ^^y-^fybU {:^}V^^ym?<^}V) . 

>-€>'X;l^;t^>^ig;<f-;k. V^)y )V:^u:?<-f^)V^y^y 

-J {xjv^.ym^^'TJV) . 7/ki-n^f-;iy^y-^> 

:?^^}V^y'^y:^)V^sym^)^'^2^U. '<^y'^y-J:^)V 
^^yM'J^J^^yd^U. by :7;U::tn^^/^^y-^f>i^'x 
/b* yMi^ y -f^^i^ti. ^>-t: > b y > b y y 
x;l^7fs^.ft#BS>^y^^AiS. b;l^xyx;^ 
Tj^vBSy^^AJg. b;i^xyy::^;i^:j^vigi;^y^T>AJM 

[00 5 5] $mmt7m&^^^^^/i^h ymt l 

1. 3— T^y^">'X;^'b>. 1. 4— :7^'^'>^x;iyb 
1. 5 -^y^'yx/l^by. 1, 6-^^^?-yx;l^ 
hy. 1. 3— r^>'^°VX;kb V. 2—^ 

3—y^n^-^y7.juhy. 3— ;^^/bi. 3— r 
n^'N^y-x/i^by. 1— 4—y^^yxj]^h 
y^ 2—:?<^)V-l^ 4—y^:^yx/vhy. 3— 
-1. 4—y^y:^;i'hy. A—?<^}V-i^ 

y7.jV b yts:}i^Wv<^h ^ b S . ^ ^X^:.c7) a "fe 

T-\ 1. 3— TnyN">'x;U'b:xi: 1 . 4—y^^yy./]^h 
yiimtL^^. 

[0 0 56] X/P^^yit-f 5 bi: LT. N-;?<^;l^-i^' 

5 b. byx ( b y 
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iS) 5 N. N-i^";><f-;P-hU7/l-:^ 

^j-n^^VX/P^^vK) >fSF. N. N-v-'Jif-zl—h 

^':7;l^:toa::5?>'X;P4^>'K) 5 F U N, 

F, N-j^f-zl— :7/^:tC!TnVN°>'X/tx:^^y 
it) -f 5 F\ N, N-i>"^^/^-^\— :7;P:tnrn^\°>' 

5 F. n-?^^}V-'j u-^~y)V:^ny'9 
yxjVTf^ym) ^ ^Y. N, N--J^^}\^-j^—y)V^ 

[00 57] ^lix^.cO'fti-^cDtf T-t , i^' ( F U ^'/l^* 
n;>{:5'>'X;l^;t:>'K) ^ 5 F^. V {^y^y)V:^xi:s:. 
^yT^iVi^^ym.) 4 5 FiR*^*f4 1 < , mi.z-J ih'jy 

)V:^uyi^yX)VTt-^ym.) A 5 F'Jf-'^i^i^-^i^' 
[00 58] luiSbfcfk-^ifSjO^ -MiS; ( 1 ) T« 

[0 0 5 9] J/^c. ( 1 ) xm.^ixh>^-vyfi 

m&^^-fh7-.}vvym.h^nmz:mvct^):.. wm^ 

t LTb':zi^>;^f— Fi: 1 , 3-Tn-^>'X;VF 

[0 0 6 0] ^(7)ffficO^[i7Kj^M 

izMi^mzim-tt, 

[00 6 1] mm^M^^j:^c^m<:o4^7mmb lx. 

<ryffTx2 F ym%%i^XV^/t.t:L\tm^(r,ffTx:i F ^'14 
-jf^^--F, r-7>n^^ F>'eoJ: 



[0062] «vtc?)fiMf'[4^lfiiat^ttc^3l^n±^#tcS 
oF>tt?§Mi:^ii-^LTffll^^^t^'at L.V^„ t 

fz. mmf%(rymmtm'^^7smiwm-hni^{z\t, m 

ttO^NTn F ym%m t Lxm^t A - h * . 114:/: 
F ymmt LXm^:^-m-- F ^MIKtT 

[0 0 6 3 ] I§^^c^-d<■:^-- FcO^Jt fr. X^W;^ 
F. Tnblx>';^-;11-:t— F. 1, 2-7'>I^ 

y^-/-J^":?--F. 2. 3-7""^py;^?-4^;T--F. 1, 
2-^y^F-y:^-;Jf^-F. 2, 3 -'<>'f-F'y;^f- 

rj<-::t-- F ^mf^ z t ti'^x^ i> . mwcom^ -iX^l- y 
^m^ii^mzmM^^mMth^izit. i^icx^i^ 

[0064] - F£7)^J t LT . -J?<^)V:t] 

F , ^^/l^x^;l';i4f-4<^— F , >''x^;k;^f- 
d^:t--F, ;<^;I^Tnb7P;4f-.-K:t-- F, ^f-/P-fyT 
n bVF;?! - ?f'^- - F . iyVn bVt^ - ;}^'^- - F , ;^ 

y'^jVA - 4-^ ^- - F . 'Jy'i-fV:^ - 4^":t- - F . xf-/pr 

nbVF;i?-4<^-- F. y<^)VY U :7;F^nxf-;t^;^f-4< 

;t-- F ^mfi> Z h ifiX^ t o fi&E«ffiv ^>^'.>< ^./F;^? - 
-i<'^--F, ^^;Fxf-;F7:?-zH':T--F, i>'xf-/F;^?-4<" 
F«d:M(;ffifflT-# h . Zfii:>m^:^-Tr^^-- F 

[ 0 0 6 5 ] S^^vir - 4i-.^. -Ft M^^>?? - 41' - F t CD 
S^f'J-^ {m^t:^-Tr^^^- F : M«^-41"^-- F ) ti. 
mm.itX^LX. tJ±L<\±l : 9 9-9 9 : 1 . J; D 
iiF4L<{±5 : 95—70 : 30, § ^>(cjiiF4 L<{± 1 
0 : 9 0 — 6 0 : AOX^^. ^ <7) j; 5 5r?I-^f'J-^i7)(g 

m&i^^hzt i-/x ^ h cDx , m'&i^im.mmzm 
[0066] -15. mm'Xw^^m^}L<nm.^j}-^m 

iI^c0^^rnFytt?f^^*MTffiffl-r.|.^\ 

LT 2 0 m»%\^XY^zm^h z h tm^ 

[0067] Zcri^(m\tC04^Tu F ^ttstMfc LX 
x^F-y;&-4^;t--F, rnbF-y;!?-4i:^-. 

-F, X/F7F7>', r-7"-?^T=f^:7 Fy-. N-^f-;F:^ 

'itxm\^hz}iimt.\^^^. mw.Wi^j:mm(r)m.^^t>^ 

hLXlt. x^F'>';i{?-4<:f— F^:X;F4^^>-, X^F- 
y;^f-4^^^-Fi:TOb°lx>';^r-4-'^--F, x^l^i^;^ 
-4i"^--Fi;r-y^n^i? Fy, x-^Fy^^-z-K^-- 
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[0068] M^c?)^NTu b ywMm^^(7^m.<r)4mm 

mMf}-^^^-- b ^liO^ft'^fiJ-^ {m:\f.fl-^^^-- b : II 
^:*c;??-4<"^-«-b) ii. SMitt-^LT, 80:2 0-9 
9. 5:0. 5*^ffl4t<. §^>lC{i9 0 : 1 0 — 9 
9 : 1 Ll^. 

[0069] -ewflilcO^fiTKjM-Ji. :*:^HHC7)S6U*^^ 

b^f"<?)im^;^-'^'-><- b?«. N-;><^;bb° 
n y b y=3r ii<mm.r s bp,. N , N - ^/p^ 5 

V^)-JJVts:}f:(r>mk-^\yrm.. {JoKbU^^/W. {i 
^KbUx^yl-, {J3Kb |J7"^;P. i5-5^b iJ:ti5'^ 
{53itbU ( bU^f-yl-i^y/L-) ^:fc7)*'>itxx 
-r;I/W, , 'J>'Kb'J-><f-;^. y>KbUxf-;P, ij >- 
iSbUx (bU^^^Ui^'J;!^) c;oj;-5^rlS:«yyKxx 
T^/i-ti J: t/x^i^ >'i?' y a - /py^ f~/Px-T-7^, i/x 
f - >- i?" y a - A' -J A ^;t, x - -f ;l , y x^ > 7" y 
a-;t^i^';^^;l'X-f-;^iOJ; d^rx^V-y^^'y 

[0 0 7 0] yf-'^/.-grwmwg 

[00 7 1] mm'm(rMwmt tr. l i PFg . l i 

BF4, LICIO4, LiAsFe, Li2Si 
Fg . L i OSO2 Ci^ F ( 2 k + 1 ) (k=l~8C0 

Sit) .LiPF, {CkF(2k+i)}(6-n) 
( n= 1 — 5c^SiSc, k= 1— SOSSc) ^:i;V)yf-> 

[0072] ifc, ^j^iT'^^n^ y^'^Aigfc 

^mth:L}ii:i^X'%h. ^ts:h>%. LiC (SO2R 
17) (SO2RIS) ( SO2 Ri 5 ) , L i N ( S 
O2 OR2 0 ) ( SO2 OR2 1 ) ^ L i N ( SO2 R 
22) ( SO2 OR2 3 ) ^ L i N ( SO2 R2 4 ) 

( SO2 R2 5 ) ^ .rrT". Rl 7 -^R2 5 

n—x-h-}Xhi.v^\.ms:->x\'^xhi,<. ^siti — 



tC, LiPFg, LiBF4, J3 iVL i N ( SO2 R 

2 4) ( SO2 R2 5 ) tV\ 

[ 0 0 7 3 ] ^^3, zzxm^^\.fz\^^^<riMz\±mi^ 

t>^cX;P4^ >'iS^ 5 b t t T V ■> -i. t co*^*> 

[0074] ^^1^3(73 y f-'^At^ism^iT-ffiffl LXhi. 

F6tLiBF4, LiPF6hLiN(SO 
2 R2 4 ) ( SO2 R2 5 ) ^ L i BF4 L i N ( S 
O2 R2 4 ) ( SO2 R2 5 ) . tJit/L i PFg t L 
i BF4 i: L i N ( SO2 R2 4 ) {S,0-2 B.^ ^ ) ifi 

[007 5] 4^ yj^ m m m 

<th^^hx\-^^. 

[0076]:? -ymu^m.\mmt-^m(ot:^s.\±. 
•m%m±i¥'<znLx o . 1-2 ofiM%. t < \t 

0. 5-2 0**%, §<?>tC^f4 L<{±3-2 0M» 
$^5l:{±3-l 0M%7&iaa LV^ ;<7)|g|aF^T- 

m^'&cfMTt^m.Amznx. hti . * j^^^iim^^o y if-^ 

[0077] M*Sl^t7K«lg^<7);2^*^^^^^#S^^ 

\\:Amit-^^ff^^^mi.mmm.±mznhxo. 1- 

3**%, IPit<{d:0. 1-2M*%, i 0^it< 
{±0. 1~1S*%:{/JM^LI^. ic7)|EHf*i-eS)^i:. 

7 v BJ^!^§l^^[:^!fli t c7)ffl*5!;St: J: ^ t , ft 

[0 0 78] i:^cy^^A#:S«J5¥«{i. SFit<{± 

0. 1 — 3^/^/y -/ b;P, J; '9*fiL<{iO. 5 — 2 
^;U/y ■y b;PcOigjffi-C-^^7j<:«|IM4'ti-^4ixT>.^-i.^ 
t**M*Lv^, ^ixtci-^T. m«=5rm#!^tt, ffiiSIf 

[0079] *^0Htcf^*>^^f^*«lfM<7)-ffi«t L 

^^ykmmfi J; i ^tsm^mmzmt x. ^^iz 
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L<{±0. 0 1-1 0M%. J;'9«fSL<{iO. 05 

[0080] mWhfzmm.co^wmi^^^¥7YMmm. 
[0081] z. i'K m m 

nm. ^m.. ^tih 

mmh-b-^m^m(>zm^^Kx^-^h. 
[0082] ^mt:mm-hn.m(m'Ab Lxit. ±m 

[0 0 83] mMMfAh LX\t. ij -^^vy' -/ 9 ^ ^S 

h^t t^x% h . ^(nmmtmm.^ h At^ 

5 0 0'ClilTT«t3t;^y;^'-4i>-?^ ^'af-X 
(MCMB) . s,-X>d-;^-f}-if^yyrA f^- 
( M C F ) ^ i h ifiX% h . mMkMVt t L 

^i*Wd\ nisftn-^x, MiafbMCMB. m 
is. ffl^ sn, s i^t'^mximtfzi:> 

[0084] LT{±. #tXMIl]l>f^-C-filJS 

1-^(002) BcOHraPra ( d 0 0 2 ) /&*0 . 3 4 0 n 
mOTtfO^W^JiJ^^i L< . m^m^^ 1 . 7 0 g/c 

m 3 tJl±-r* ^ MIS 4 Ji v|4M * ^ ft^ 

[0085] iEffi^«^^-l.iE®v£!K!I«i: LX\±. F e 

Sj. M0S2. TiS2, MnOj, VjOg 

a??^SirL^l:!ii4/cJia^^SK'fk!|%, L i c o o 2 . 



LiMnOss LiMn204. LiNiOs, LiN 

ixCo(a_x) O2, LiNi^COyMn 

( 1 _ ^ _ ^ ) O2 ^i;V)yf-^At^#^«c^«^S§ 

^i-yr-yy. ^Vi-^yx.y. *rytc?-;p. 

;Kyr-fe:^I-->. *fyr-fe:>. >?^;l';i&:7°hf-ri>"TV 
. Tt'V T-y y«^#:^i:-c^Wf4K3i-^«$4. 7 

-r-# § « 

[0 086] ^ti(^<o^x'i>. mzui-^j^tm^m 

x\ m^'mm±mim^^m^'^'^^<-&ALi\ jEm 
immi±imm^mmLxi>j:uL. 2mms±t^m-^ 

tzibiz^ mmmiiti^izmmtXiEmimfm-^. ^ 
<^i.ots:mmsm\h\^x\i.. ij—^ft^yy^y-^^. r^)v 

yrT.^ ^y^f3-f]-^^y. ^^7r-f b^t'co^W 
m^m^^h^hifX'^l,. 
[0 0 87] "^f-^V-^M^ IE«tMffi>:2r«^e<JtCie 

i»t. ^ytrnM^m^mxtiixUi- 

Lxim^7i{t-m^^y ^ /PAjtji^j^tcffiffl $ w« 

bLXyf^^jr^uy ^ y. *^y-<sb\ ^°y:7 y-fl:t-y 
-f>. 4^°yxX7";P=5:f ;0^M^§ixSo mz^ ^?Ltt4^ 
y^p:? ^ ^;PA3{)«jif i t< , Mi^mzit^nM^ 
y y 7 -f jv j^ , ^TLtt*i° y to t° y y ^ . 
i 7"^ (±#TLttc7)*.° y X f~ y :7 a i; rh" y t° 1^ y 

fL'^j^TLttd^y^P:? ^ y^ ^;PA±t;i±. ^^ttl: 

ffiix/t: ft<7)fSf a - ^ y & ixT V ^ J; 

[0088] M^i'mmMb ixi^. y Atg^jg^ 

^^xm^i^mmm^n^ sf^x-mm lx ^ j; v 
[0089] i 3 r£c73 y f-'>A^;jca:}4«±. H 

i,zmm-h^tifix'^h. Lij^L. mm<^m:$mm.i±m 
mzx ^^mmtx'h o . smizmtxmmw.im 

[0090] ^mn^zi^h^ v^^j^-ikmmui. 4^ 
ymM<7^m'ommm±n^i^m^^hfz>!b{z. m 
immco:f}xE.ti-bmmmi±.><z^j:^ t mif-r ■§> 
«?fLii»T««. niixf/t fzMmcois^m&mii. 
t=3r«. bim^im-th%^^mm^mtx\^h:it 

[009 1 ] -mzmm^wmth t . vm&timn 
"^m^tix 0xiii:ifmim±'t^ . m^^Lfzw^^Mm 

mm\±. ^(D:V:^i5i:lf/t.fzi±m^WmLxmi%(^^ 

h^. ^mMizmhhi^7ii.mMmii. mimm&t^-^ 
miiLtt,z^<^xhtm%-5i-mitixmm(7mm^:^tiiii 
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[0092] mm\f^u<^0^mitimmm:xL\,z.tj:hh 

^^^^tizx-y xm^Lx^mmfLm}^.t^wtii>m 
m. m.imfHs.i'^y^-xmmtxyt'm^»±-t^^\- 
gpiui^. mm(D[>^mi,z^hwmmB^'^y^-x'ma 
Lx^miw±-tmmmi^. mm^m^±^'ti>^ 
t i,zx -yx^mtxiEmtPMt ^mi^^-^xmrn^^ 
m^a^rv u -5 iz^hmm^ f^m^-th ; t ii^x^ 

^<nn. m^(r>n^ifiLWth^h\,zi.-iX^m\. 
x^mxitjrym^jfmfthwmi. vrivtiMMx-h 

[0093] m^(rMJm'^mmj,Zi-£h i:^«^iS 

m-h%^ymmmh\^x\i. wm>^miL^-^^v^ 

- xm% L T ^« ^ff ih-t s %wm! , «?ffic?)ias 
wthumt'Lx^mt.'o^m^x^A^x^^^iML 

mLx^mMM'^mmmixhrnm. mm^m.ij^i.^ 
[0094] mz^ Fimm.i3Xu'^-( ymmmcnmitcr) 

MLX^m-t^ Z. tfj-X% h . 

[00 9 5] v\mm.v^^2^r:<'K'm%x\i. irari^ tv? 
PMMMmzPM^'m'RimMLfznmt . rtv^-^ 

mm^(nALf^zm.mm.^mMLfzAmxm.m^\.zmm^ 



mi Lxmm^<^)tQUii)^ L&bfzmMiz^^-z'X v 
[0096] 3^ yMU^^A^<?:«?t!i-c-{±, Fimtn 
i¥ymMmi'AXLfz-^y<]y-i^ . pim^mm. s 

[0097] 

:^mmit^tii^c^mmmizX'oxnhmm^n 

^i,(r)Xli^j:\\ 
[0 0 98] 1 ■ VMcQj^m 

<WA<.9f^m(7)mm>4¥A(.mMt lx. j^^w^i-ir^ 

:t--h (EC) i:;^^;WX^;l^;^r-d^4'-h (MEC) 

h^-EC : MEC =4 : 6 (Mfiifc) L . 

<J:tc«S«T'*^L i PF5 ^f(riSLi^c^bJ<?§Mt:vt^ 

L . mmmm:tf^ i . o u f mz^j: hi^d n 

[0099] mzzc^^mmmmiznLx . m i iztm 
Lfz^m<7Mt-^&mimim.m\iL . i smmcommm^: 
mmtfz. '5r*3. ^nzn\^x. m-m\commi}kco^ 

olzKLXMLfz. 

FBP : 2 -7;P:+nh"7j:::i;L', BP : \zy x.-il^ 
VC : fc:--lx>;^-#'^--b, PES: 1, 3-y°X=i^ 
yXfUhy. DPM : 'Jyau-}l';<9y. CHB : i^;:' 

n-x^ix;p^>'-if BD : j< ^'^y-^y-Jx/i^^ii'-yM 

PS: 1, 3-~ru^^y7.)VVy 

t,tz^ ti-jzinmximi. ^it-^^<^mmi.'^i.zi5n^ 
^^m.iMm.%x^Ltzm.xh^ . 
[m ] 
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F B P (3. 0) 






mMm3 


F H P (3. 0) 


B P (0. 1) 


fiV 




F B P (3. 0) 


B P (0. V 




mmm3 


F D P (3. t>) 


B P (0. S> 






F D P (3. 0) 


B F (1. 0) 


?kL 


mmmi 


F B P (3. 0) 


CHK (1.0) 


t^V 




F B P (3. 0) 


B P (0- 5) 


P F S (0. 5) 




F B P (3. 0) 


B F CO, 5) 


VC (LO) 


mmmi o 


F B P (3. 0) 


R P (0. 5) 


PKS(0.5) VC(i.O) 




F H P (3. 0) 


B P (0. 5) 


Bn(o. 5) VC(l.O) 


mMmi 2 


F B P (3. 0) 


B P (0, 5) 


TF(2.0) VCd.Q) 


'^mm i 3 


F H P (3. 0) 


B P (0. 5) 


P5(l. 0) vcd.o) 


m,m^^ 4 


F B P (3. 0) 


C H B Co, 5) 


PES (0,5) VCCl.O) 




F B P t3. 0) 


BP (1.0) 


PE 5(0,5) VCCLO) 


^m^i 6 




B P (3. 0) 




mm^i 7 




B P (3. 0) 


PES(O.R) VC(l.O) 


MM^l 8 




D PMC4. 0) 


PES(LO) VC(LO) 


1 9 




CHBC3. 0) 


FES (1.0) VC(l.O) 



[0 10 0] <Mflii^'fm>^y;&-4?:^^^^'nb'- 

X (^Ht^'-X (ffi) M MCMB 1 0-28) 74M 

as, ^f&mm ( im) 'pmms&jiMmm l f i s a ) 
2os*gii, t5itmm^\co7iivy-/^ti^'-Vy-'y (p 

VDF) 6mt.^>t:M-^t. mmcr>N-:?i^fl-\^uV-J 

icoflffi^S'jx^ y - ^ j¥§ 1 8//mco^«fiirgMom 

[0 1 0 1 ] <IE1SOft;M>L i C0O2 (^ttFMC 
X^i>'-i/Xf-AX' (tt) K HLC-22) 82fii 

^L. ^§M(7)N-^-^;kUaU K>'t:5>t5cS-li-r L i C 

0 O2 -^Mx^ y -SriSML/::. r^^jL i C o O2 -^^J 
X5y-SrJ¥$2 0;Limi7)r;1^5rS(c*^^L, 

[0102] <r7^ yi9mffic7)#»>:3^ :xism?fifflm 

{i7 0//m, S*{i:2 Omg/1 4mmsi.'r*o/c, n 

13. 5mm^0p3S:^ctCfT-'5ft^'>T=f-^ :ytt<7)L i C o 
02lEffiS:#/^c« LiCoOs -^^r'Jc^J¥§{i7 0//m. 
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